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ACUTE TOXICITY SUMMARY

NICKEL AND NICKEL COMPOUNDS

Molecular
Formula

Molecular
Weight Synonyms

CAS Registry
Number

Ni 59 elemental nickel 7440-02-0
NiO 74.69 nickel oxide 1313-99-1

NiCl2 129.6
nickel chloride
nickel dichloride 7718-54-9

NiSO4 154.75
nickel sulfate
nickelous sulfate 7786-81-4

NiCO3 118.7
nickel carbonate
carbonic acid nickel salt 3333-67-3

Ni3S2 240.19

nickel subsulfide
trinickel disulfide
heazlewoodite 12035-72-2

I. Acute Toxicity Summary (for a 1-hour exposure)

Inhalation reference exposure level 6 µµg Ni/m³
Critical effect(s) small decrements in airway function tests,

  especially in asthmatics
Hazard Index target(s) Respiratory System; Immune System

II. Physical and Chemical Properties (HSDB, 1994 except as noted)

Description Ni metal: silvery metal
NiO: black crystals
NiCl2: yellow deliquescent crystals (U.S.EPA, 1985)

Density 8.9 g/cm3 (Ni)
Boiling point 2730°C (Ni)
Melting point 1455°C (Ni); 1030°C (NiCl2)
Vapor pressure not applicable for dust
Flashpoint not applicable
Explosive limits Nickel dust or powder is flammable (CDTSC, 1985).
Solubility Elemental nickel, nickel subsulfide, and nickel oxide are

insoluble in water, but are soluble in dilute nitric,
hydrochloric, and sulfuric acids.  The chloride and
sulfate forms of nickel are water soluble.

Odor threshold odorless
Metabolites Ni2+

Conversion factor not applicable for fumes and dusts
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III. Major Uses or Sources of Exposure

The most common airborne exposures to nickel compounds are to insoluble nickel compounds
such as elemental nickel, nickel sulfide, and the nickel oxides from dusts and fumes.
Contributions to nickel in the ambient air are made by combustion of fossil fuels, nickel plating,
and other metallurgical processes.  The most common oxidation state of nickel is the divalent
(Ni2+) form (U.S.EPA, 1985).  Elemental nickel is a malleable, silvery-white metal that is highly
resistant to strong alkali.  Because of its corrosion resistance, nickel is used in the production of
stainless steel, permanent magnets, and other alloys that require resistance to extremes of
temperature or stress (U.S.EPA, 1985).  Nickel is also used in electroplating baths, batteries,
textile dyes, and catalysts (U.S.EPA, 1985).  Nickel dust or powder is flammable (CDTSC,
1985).  Nickel carbonyl also is airborne.  However, because of its unique toxicity relative to the
inorganic nickel compounds, this REL is not applicable to nickel carbonyl.

IV. Acute Toxicity to Humans

Soluble nickel compounds appear to be the greatest concern for acute health effects.  The soluble
forms of nickel are absorbed as Ni2+ (Coogan et al., 1989).  Divalent nickel competes with copper
for binding to serum albumin and is systemically transported in this way (Sunderman, 1986).  The
kidneys, lungs, and placenta are the principal organs for systemic accumulation of nickel
(Sunderman, 1986).  In contrast to the long half-life of the insoluble forms of nickel in the nasal
mucosa, the elimination half-life of Ni2+ in the plasma is 1-2 days in mice (Nieboer et al., 1988).

Nickel fumes from high nickel alloy welding (mean concentration = 440 µg Ni/m³, range =
70-1,100 µg Ni/m³) caused complaints of upper respiratory irritation and headache in welders
exposed for 4 weeks (Akesson and Skerfving, 1985).

A group of 7 metal plating workers with occupational asthma was evaluated for atopy and
pulmonary function challenge in response to inhalational challenge with nickel and other metals
(Cirla et al., 1985).  Three of the asthmatics tested positive for the presence of nickel-specific IgE
antibodies.  Positive reactions to skin testing with nickel were found in 3 of the asthmatic workers
who also had dermatitis.  Six out of the 7 asthmatics exhibited significantly decreased FEV1 (>
15%) when exposed to 0.3 mg/m³ nickel sulfate for 30 minutes.  Control challenges with other
metal salts did not reveal similar deficits in FEV1.

Exposure to nickel in occupational settings causes dermatitis and asthma in some individuals with
repeated exposures (Davies, 1986).  The nickel ion, bound to proteins in the dermis, acts as an
antigen eliciting a type IV (delayed type) hypersensitivity response.  This response, mediated by
T-lymphocytes, causes dermal sensitivity.  This hypersensitivity can be diagnosed by patch testing
(Menne and Maibach, 1989).

Predisposing Conditions for Nickel Toxicity



Determination of Acute Reference Exposure Levels for Airborne Toxicants
March 1999

C - 238 - Nickel and Nickel Compounds

Medical:  Asthmatics or atopic individuals may be especially at risk for developing nickel-
induced asthma (Cirla et al., 1984).  Cigarette smokers may receive greater nickel
exposure, since cigarette smoke contains nickel (Reprotext, 1999).  Additionally, a
review of the literature on nickel toxicity showed that Ni2+ causes vasoconstriction
in animals and humans which may potentiate the effects of a primary ischemic
lesion in the cardiovascular system (U.S.EPA, 1985).

Chemical: In rats, rabbits, and dogs, 1 mg/kg nickel chloride antagonizes the cardiac
arrhythmia induced by digoxin by competing with calcium at cardiac membrane
sites (Prasad et al., 1980).  The implications of this effect for persons with
congestive heart failure have not been investigated.

V. Acute Toxicity to Laboratory Animals

Subacute (12-day) inhalation exposures (5 days/week, 6 hours/day) of 10 mice to nickel, as 10 mg
Ni3S2/m³, caused 100% mortality (Benson et al., 1987).  Two of 10 rats also died from this
exposure.  Although no effect was seen on natural killer cell activity in these animals, lesions in
the nasal and lung epithelium and in bronchial lymph node were observed.  Pathology revealed
emphysematous changes in the lungs of rats exposed to 5 or 10 mg Ni3S2/m³, and fibrosis in mice
exposed to 5 mg Ni3S2/m³.  Atrophy of lymphoid tissues, including spleen, thymus, and bronchial
lymph nodes, was observed in mice and rats exposed to 5 or 10 mg Ni3S2/m³.

Studies by Graham et al. (1975, 1978) indicate that the immune system is the most sensitive
target for acute nickel toxicity.  Mice (female, n = 14-29 per group) exposed by inhalation to
250 µg Ni/m³ as NiCl2 for 2 hours showed a significant decrease in splenic antibody-forming cells
following a challenge with a T-lymphocyte dependent antigen (Graham et al., 1978).  A similar
suppression in antibody-forming cells was seen in mice exposed intramuscularly to 9.26 µg Ni/g
body weight as NiCl2 (Graham et al., 1975).  Haley et al. (1987) showed that male cynomolgus
monkeys, exposed to intratracheal Ni3S2 at a delivered dose of 0.06 µmol Ni/g lung tissue, had
impaired pulmonary macrophage phagocytic function and increased natural killer cell activity.
Mice also exhibited impairment of pulmonary macrophage function in addition to decreases in
antibody-forming spleen cells with inhalation exposure to Ni3S2 or NiO (Haley et al., 1990).
Natural killer cell activity measured by splenic cytotoxic activity to tumor cells as well as by
clearance of melanoma tumors in vivo was suppressed in two strains of mice exposed to
intramuscular injections of 18.3 mg Ni/kg as NiCl2 as compared to controls (Smialowicz et al.,
1985).  The mechanism of nickel-induced immunotoxicity was not demonstrated in the above
reports.

A host-resistance study by Adkins et al. (1979) showed that mice (80-120 per group) exposed to
inhaled soluble nickel for 2 hours in the form of NiCl2 or NiSO4 were significantly more
susceptible to mortality from streptococcal bacterial infection.  The concentrations of nickel that
showed these effects were 499 µg Ni/m³ (NiCl2) and 455 µg Ni/m³ (NiSO4).  No significant
change in mortality was seen with exposure to 369 µg Ni/m³ as NiCl2.
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Nickel distributes preferentially to the lungs and kidneys following intratracheal administration of
NiCl2 to rats (Carvalho and Ziemer, 1982).  The electrophilic Ni2+ ion is reported to be the
causative agent of nephrotoxicity in rats; it binds to intracellular nucleophiles in kidney tissue such
as guanine, adenine, and glutathione 2 hours following intraperitoneal exposure to 10 mg Ni/kg as
NiCO3 (Ciccarelli and Wetterhahn, 1984).

Subcutaneous injections of 10 mg/kg nickel chloride have been shown to increase prolactin
secretion in rats 1 day following administration (Clemons and Garcia, 1981).  However, an earlier
study showed that prolactin secretion in rats is specifically inhibited for 30 minutes following
intravenous exposure to 100 µg Ni2+ as NiCl2 (LaBella et al., 1973).

VI. Reproductive or Developmental Toxicity

There is insufficient evidence for developmental or reproductive toxicity of nickel in humans.
However, there are numerous reports of teratogenicity and other reproductive effects in
laboratory animals exposed to nickel.  Mice exposed during pregnancy to NiCl2 by intraperitoneal
injection bore offspring with numerous fetal malformations and skeletal anomalies (Lu et al.,
1979).  In addition there were increased fetal resorption rates and decreased fetal weights (Lu et
al., 1979).  Woollam (1972) showed that nickel acetate, when injected intraperitoneally into
pregnant hamsters, caused significant fetal mortality at 25 mg/kg.

Intravenous exposure of pregnant rats to 11 mg Ni/kg caused increased fetal mortality and a 16%
incidence of fetal malformations including anopthalmia, cystic lungs, and hydronephrosis
(Sunderman et al., 1983).  Temporary hyperglycemia was seen in pregnant rats exposed
intraperitoneally to NiCl2 at 4 mg/kg (Mas et al., 1985).  The authors proposed that this
hyperglycemia was a mechanism for teratogenicity.

Male rat reproductive toxicity (damage to epididymal tubules and abnormal spermatozoa) was
observed followed a single subcutaneous dose of 5 mg/m³ mmol Ni/kg as Ni3S2 (Hoey, 1966).
Benson et al. (1987) showed that mice and rats exposed to 5 or 10 mg Ni3S2/m³ displayed
degeneration of testicular germinal epithelium after 12 days exposure (6 hours/day, 5 days/week).

VII. Derivation of Acute Reference Exposure Level and Other Severity Levels
(for a 1-hour exposure

Reference Exposure Level (protective against mild adverse effects):    6 µµg Ni/m³

Study Cirla et al., 1985
Study population 7 volunteer metal plating workers

   with occupational asthma
Exposure method inhalation of 0.3 mg/m³ NiSO4⋅6H2O (67 µg Ni/m³)
Critical effects significant (> 15%) decrease in FEV1

LOAEL 67 µg Ni/m³
NOAEL not observed
Exposure duration 30 minutes
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Extrapolated 1 hour concentration 33 µg Ni/m³ ((67 µg Ni/m³)1 * 0.5 h = C1 * 1 h )
  (see Table 12 for information on “n”)

LOAEL uncertainty factor 6
Interspecies uncertainty factor 1
Intraspecies uncertainty factor 1
Cumulative uncertainty factor 6
Reference Exposure Level 6 µg Ni/m³

For comparison with the immunotoxicity of nickel, an extrapolation from the 2-hour NOAEL in
mice of 110 µg/m³ (Graham et al., 1978) to that of a 1-hour exposure was made using the time
adjustment formula Cn * T = K, where n = 2.  This yielded a 1 hour value of 160 µg/m³.
Application of an uncertainty factor of 100 to account for interspecies and individual variation
would result in a 1-hour REL of 1.6 µg Ni/m³.  The Cirla et al. (1985) study was selected as the
basis for the REL since the study group included sensitive humans (asthmatics), thus reducing
uncertainty for this effect.  This value should be reevaluated if human immunotoxicity data
become available.  The REL specifically does not apply to nickel carbonyl, which releases both
nickel and carbon monoxide.

Level Protective Against Severe Adverse Effects

No recommendation is made due to the limitations of the database.

Level Protective Against Life-threatening Effects

No recommendation is made due to the limitations of the database.

NIOSH (1995) lists a (revised) IDLH of 10 mg Ni/m³.  It is based on acute inhalation toxicity data
in mice, reported in a progress report on the toxicity of chemical warfare agents during World
War II.  An LCLo of 530 mg Ni/m³ was determined for a 10 minute exposure.  This was time-
adjusted to an equivalent 30 minute exposure of 92 mg Ni/m³ and divided by 10 to obtain a value
of 9.2 mg Ni/m³, which was then rounded to 10 mg Ni/m³.

VIII. References

Adkins B, Richards JH, Gardner DE. Enhancement of experimental respiratory infection
following nickel inhalation. Environ Res 1979;20:33-42.

Akesson B, Skerfving S. Exposure in welding of high nickel alloy. Int Arch Occup Environ Health
1985;56:111-117.

Benson JM, Carpenter RL, Hahn FF, Haley PJ, Hanson RL, Hobbs CH, et al. Comparative
inhalation toxicity of nickel subsulfide to F344/N rats and B6C3F1 mice exposed for 12 days.
Fundam Appl Toxicol 1987;9:251-265.



Determination of Acute Reference Exposure Levels for Airborne Toxicants
March 1999

C - 241 - Nickel and Nickel Compounds

(CDTSC) California Department of Toxic Substances Control. Review: Nickel and compounds.
November 15, 1985.

Carvalho SM, Ziemer PL. Distribution and clearance of 63Ni administered as 63NiCl2 in the rat:
Intratracheal study. Arch Environ Contam Toxicol 1982;11:245-248.

Ciccarelli RB, Wetterhahn KE. Molecular basis for the activity of nickel. In: Sunderman FW, et
al., editors. Nickel in the human environment. Proceedings from joint symposium held at IARC,
Lyon, France. Lyon: IARC; 1984. p. 201-213.

Cirla AM, Bernabeo F, Ottoboni F, Ratti R. Nickel induced occupational asthma: Immunological
and clinical aspects. In: Brown SS, Sunderman FW, editors. Progress in nickel toxicology. Boston
(MA): Blackwell Scientific Publications; 1985. p. 165-168.

Clemons GK, Garcia JF. Neuroendocrine effects of acute nickel chloride administration in rats.
Toxicol Appl Pharmacol 1981;61:343-348.

Coogan TP, Latta DM, Snow ET, Costa M. Toxicity and carcinogenicity of nickel compounds.
CRC Crit Rev Toxicol 1989;19(4):341-384.

Davies JE. Occupational asthma caused by nickel salts. J Soc Occup Med 1986;36:29-31.

Graham JA, Gardner DE, Miller FJ, Daniels MJ, Coffin DL. Effect of nickel chloride on primary
antibody production in the spleen. Environ Health Perspect 1975;12:109-113.

Graham JA, Miller FJ, Daniels MJ, Payne EA, Gardner DE. Influence of cadmium, nickel and
chromium on primary immunity in mice. Environ Res 1978;16:77-87.

Grandjean P, Andersen O, Nielsen GD. Carcinogenicity of occupational nickel exposures: An
evaluation of the epidemiologic evidence. Am J Ind Med 1988;13:193-209.

Haley PJ, Bice DE, Muggenburg BA, Hahn FF, Benjamin SA. Immunopathologic effects of nickel
subsulfide on the primate pulmonary immune system. Toxicol Appl Pharmacol 1987;88:1-12.

Haley PJ, Shopp GM, Benson JM, Cheng YS, Bice DE, Luster MI. The immunotoxicity of three
nickel compounds following 13-week inhalation exposure in the mouse. Fundam Appl Toxicol
1990;15:476-487.

(HSDB) Hazardous Substances Data Bank.  National Library of Medicine, Bethesda (MD) (CD-
ROM version). Denver (CO): Micromedex, Inc.; 1994. (Edition expires 4/30/94).

Hoey MJ. The effects of metallic salts on the histology and functioning of the rat testis. J Reprod
Fert 1966;12:461-471.



Determination of Acute Reference Exposure Levels for Airborne Toxicants
March 1999

C - 242 - Nickel and Nickel Compounds

LaBella FS, Dular R, Lemon P, Vivian S, Queen G. Prolactin secretion is specifically inhibited by
nickel. Nature 1973;245:330-332.

Lu C, Matsumoto N, Iijima S. Teratogenic effects of nickel chloride on embryonic mice and its
transfer to embryonic mice. Teratology 1979;19:137-142.

Mas A, Holt D, Webb M. The acute toxicity and teratogenicity of nickel in pregnant rats.
Toxicology 1985;35:47-57.

Menne T, Maibach HI. Nickel allergic contact dermatitis: A review. J Am Coll Toxicol
1989;8(7):1271-1273.

Nieboer E, Tom RT, Sanford WE. Nickel metabolism in man and animals. In: Sigel H, editor.
Metal ions in biologic systems. Vol 23. New York: Marcel Dekker, Inc; 1988. p. 91-121.

(NIOSH) National Institute for Occupational Safety and Health. Chemical listing and
documentation of revised IDLH values (as of March 1, 1995). Available at
http://www.cdc.gov/niosh/intridl4.html.

Prasad CM, Nair KC, Sheth UK. Reversal of digoxin induced cardiac arrhythmias by nickel
chloride. Res Commun Chem Pathol Pharmacol 1980;27:405-408.

Reprotext System. Dabney B, editor. Denver (CO): Micromedex, Inc.; 1999. (Edition expires
1/31/1999).

Ruth J. Odor thresholds and irritation levels of several chemical substances: A review. Am Ind
Hyg Assoc J 1986;47:142-151.

Smialowicz RJ, Rogers RR, Riddle MM, Garner RJ, Rowe DG., Luebke R.W. Immunologic
effects of nickel: II. Suppression of natural killer cell activity. Environ Res 1985;36:56-66.

Spiegelberg T, Kordel W, Hochrainer D. Effects of NiO inhalation on alveolar macrophages and
the humoral immune systems of rats. EcoToxicol Environ Safety 1984;8:516-525.

Sunderman FW. Kinetics and biotransformation of nickel and chromium. In: Stern RM, Berlin A,
Fletcher AC, Jarvisalo J, editors. Health hazards and biological effects of welding fumes and
gases. Amsterdam: Excerpta Medica; 1986. p. 229-247.

Sunderman FW, Reid MC, Shen SK, Kevorkian CB. Embryotoxicity and teratogenicity of nickel
compounds. In: Clarkson TW, Nordberg GF, Sager PR, editors. Reproductive and developmental
toxicity of metals. New York: Plenum Press; 1983. p. 399-416.

(U.S.EPA) United States Environmental Protection Agency. Health assessment document for
nickel. EPA/600/8-83/012F. Washington (DC): U.S.EPA; 1985. p. 3-3.



Determination of Acute Reference Exposure Levels for Airborne Toxicants
March 1999

C - 243 - Nickel and Nickel Compounds

Woollam DHM. Advances in teratology. Vol. 5. New York: Academic Press; 1972. p. 57.


